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HIGHLIGHTS 
 Neural correlates underlying the ORE is not well examined in mental health disorders. 
 We investigated the impact of ORE on amygdala responses in major depression (MDD). 
 ORE is associated with amygdala hyper-responsivity in both MDD and matched controls. 
 ORE related amygdala responsivity may confound neural responses to facial stimuli. 
  The implications of ORE on interpersonal functioning in MDD require further study. 
 
Abstract 
Objective:  The other race effect, also known as own race bias, refers to the enhanced ability to 
recognize faces belonging to one’s own race relative to faces from another race. The other race 
effect is associated with increased amygdala response in healthy individuals. The amygdala is a 
key node in emotion processing which shows impaired functioning in depression and has been 
proposed to be a marker of depressive state. We investigated the impact of the other race effect 
on amygdala responses in depression. 
Methods: Participants were 30 individuals with major depression (mean age 39.4 years) and 23 
healthy individuals (mean age: 38.8 years) recruited from the community. Participants were 
Asian, Black/African American and Caucasian. During a functional MRI scan, participants 
viewed Caucasian faces which displayed a range of sad expressions. A region of interest 
analysis of left and right amygdala responses was performed.   
Results: Increased bilateral amygdala responses were observed in response to the Caucasian 
face stimuli in participants who were Asian or Black/African American as compared to 
Caucasian participants in both healthy individuals and individuals with major depression. There 
was no significant group by race interaction effect. 
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Conclusions: Increased amygdala responses associated with the other race effect were 
evident in both individuals with major depression and in healthy participants. Increased 
amygdala responses with the other race effect is a potential confound of the neural correlates of 
facial processing in healthy participants and in mental health disorders. The implications of the 
other race effect on impairments in interpersonal functioning in depression require further 
investigation.  
Key words 
functional MRI, BOLD, neural correlates, ORE, major depressive disorder  
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Introduction 
The other race effect, also known as own race bias, describes the phenomenon of stronger 
recognition of faces to one’s own race as compared to another race. While race and ethnicity 
are often used interchangeably, race generally refers to physical features and is associated with 
biology while ethnicity is associated with cultural factors such as language and customs. The 
other race effect has been demonstrated in healthy individuals amongst different races [25], is 
evident in infants [22, 23], and has been attributed to reduced exposure to other races or 
motivation to individuate faces of other races [33].  
Greater amygdala activation has been linked with the other race effect in healthy individuals [8, 
17, 27]. The amygdala is engaged by highly salient stimuli and is a key node in emotion 
processing, notably in the discernment of emotional facial expressions and in particular for 
negative expressions [6, 7, 30].  An increased amygdala response to sad facial expressions is a 
widely replicated finding in major depression and has been proposed to be a marker of a current 
depressive state [2, 14, 15, 31].  
However, if the other race effect is present in major depression and in turn engages the 
amygdala during facial processing, then the effect becomes a source of variance and is a 
potential confound in amygdala responses to emotional facial expressions. On the other hand, if 
increased amygdala activation reflects engagement primarily to the emotional expression, rather 
than to other aspects of facial processing including race, then the effect would not be observed. 
Behavioural evidence of the other race effect in mental health disorders has been reported in 
schizophrenia and autism, both disorders are associated with pervasive deficits in processing 
facial expressions [28, 35]. However, the effect has not been examined in major depression, 
only in healthy individuals who had undergone a sad mood induction, in which the other race 
effect was not observed regardless of the emotional facial expression [20]. The findings were 
understood as due to participants scanning and noting more features of the face during sad 
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mood induction, which suggest that the other race effect would not be expected in major 
depression. 
We sought to examine the other race effect on amygdala responsivity to sad facial expressions 
in major depression. We applied a region of interest analysis to the amygdala given the findings 
of increased amygdala activation associated with the other race effect in healthy individuals [8, 
17, 27] and the specificity of amygdala responses to sad facial expressions in major depression 
[2, 14, 15, 31]. The stimuli were standardized Ekman faces [11], a widely used set of facial 
expressions which are restricted to faces of Caucasian adults. We expected to observe the 
other race effect in healthy participants with increased amygdala activation, but whether the 
effect would be evident in major depression was less clear. 
Material and Methods 
The study was approved by the Cambridgeshire 4 NHS Research Ethics Committee, NHS 
Health Research Authority, and all participants had provided informed written consent.  
Participants were 30 individuals with major depression (mean age 39.4 years) and 23 healthy 
individuals (mean age 38.8 years) recruited from the community (Table 1). Participants were 
self-identified as Caucasian, Asian or African American, and there were no differences in age or 
gender between patients with depression and heathy controls (all p>0.05), or in age (p=0.48), 
gender (p=0.25) or depressive severity (p=0.61) between the Caucasian and the Asian/African 
American participants. None of the participants with major depression were taking 
antidepressant medication or had been in psychotherapy treatment for a minimum of 4 weeks. 
Healthy participants had no history of psychiatric illnesses. Full inclusion and exclusion criteria 
are described in Fu et al.[13].  
During the functional MRI scan, participants viewed a series of 10 faces (5 female), all 
Caucasian, adapted from Ekman and Friesen’s Pictures of Facial Affect [11] and morphed using 
a computer program to depict varying intensities of sadness: low, medium and high [14]. During 
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the task, participants were required to indicate the gender of the face by a button press such 
that the explicit instruction was gender identification which facilitated implicit processing of the 
emotion [14]. The facial stimuli were presented twice at each intensity (60 faces in total), along 
with 12 baseline trials consisting of a crosshair visual fixation point, for a total of 72 
presentations, in a pseudo-randomised order.  Each stimulus was presented for a duration of 3 
seconds, and the interval between trials varied randomly according to a Poisson distribution, 
with a mean intertrial interval of 5 seconds, for a total duration of 360 seconds (6 minutes). 
Gradient echo T2*-weighted echoplanar images were acquired depicting blood oxygenation 
level-dependent (BOLD) contrast.  A total of 180 volumes were acquired for the sad facial affect 
task.  For each volume, 39 oblique axial slices parallel to the intercommissural plane were 
collected with the following parameters: slice thickness: 3 mm, slice gap: 0.3 mm, echo time 
(TE): 30 milliseconds, repetition time (TR): 2000 milliseconds, flip angle: 75°, field of view: 240 
mm, and matrix size: 64 x 64. 
The left and right amygdala regions of interest were defined according to the Harvard-Oxford 
probability atlas distributed with the FSL package (http://fsl.fmrib.ox.ac.uk/fsl/fslwiki/Atlases). 
Statistical Parametric Mapping (SPM8, Wellcome Department of Imaging Neuroscience, 
London, UK: http://www.fil.ion.ucl.ac.uk/spm) was used to pre-process and analyse the task-
related fMRI data. The images were realigned to correct for motion artefacts, spatially 
normalized to the Montreal Neurological Institute (MNI) template, and smoothed using an 8mm 
full-width at half maximum (FWHM) Gaussian kernel filter. First-level analysis was performed 
using the general linear model, accounting for serial autocorrelations by applying an 
autoregressive model.  Stimuli presentation was modelled as individual events and the first level 
analysis produced contrast images depicting overall facial processing capacity (mean difference 
in response between all facial trials taken together and baseline trials) [14].  Region of interest 
analysis was performed using the MarsBar tool in SPM8 (http://marsbar.sourceforge.net/). The 
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BOLD responses for left and right amygdalae were extracted separately for each subject in the 
contrast of interest.  A multivariate analysis of variance (MANOVA) was performed for left and 
right amygdala separately using the extracted values with ethnicity as the between group 
measure (Caucasian, non-Caucasian). 
Results 
There was a significant effect of race on amygdala activation (F2,48=5.025, p=0.010) (Figure 1), 
in which the subsequent univariate analysis showed a statistically significant difference between 
Caucasian and non-Caucasian participants in both right (F1,49=10.23, p=0.002) and left 
(F1,49=5.13,p=0.028) amygdala responses to sad facial expressions. Non-Caucasian participants 
showed greater right (t51= 2.87, p=0.006) and left (t51= 2.17, p=0.035) amygdala activation 
relative to Caucasian participants. The multivariate tests did not reveal any significant effects of 
group (F2,48=2.54, p=0.089) or any significant group by race interactions (F2,48=0.935, p=0.400) 
on amygdala responses. 
There were no correlations between depression severity and amygdala response in Caucasian 
(n=17; right amygdala: p=0.72; left amygdala: p=0.91) or non-Caucasian participants with 
depression (n=13; right amygdala: p=0.49; left amygdala: p=0.45). 
Discussion 
The present findings highlight the strength of engagement of the amygdala associated with the 
other race effect irrespective of depression status. Both healthy participants and those with 
major depression who were Asian and African American demonstrated increased bilateral 
amygdala responses to sad expressions in Caucasian faces in comparison with Caucasian 
participants. The lack of a significant group by race interaction effect indicates that there were 
comparable effects in healthy participants and in individuals with depression.  
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Moreover, we did not find a relationship between depression severity and amygdala response in 
Caucasian or non-Caucasian participants with depression. Whether there could be dissociable 
effects in individuals with depression, in which those with greater depressive severity would 
demonstrate sustained engagement to sad facial expressions that is above the contribution of 
the other race effect, should be ascertained in a larger sample. 
While the other race effect has been well established in healthy individuals, there have been few 
studies in mental health disorders. Reports in schizophrenia [28] and in autism [35] have found 
a significant other race effect for emotion recognition and face memory. Moreover, participants 
with autism demonstrated similar cross-racial differentiation methods in scanning faces to that 
observed in healthy individuals [35]. The effect though has not been examined in major 
depression, while findings in healthy individuals following a sad mood induction did not observe 
a significant other race effect which was understood as a sad mood being associated with more 
detailed facial scan patterns that reduce susceptibility to the other race effect [20]. However, the 
present findings indicate that the other race effect is evident in major depression, in contrast to 
the findings from the mood induction in healthy participants. How the effect relates to patterns in 
facial sampling though would benefit from eye-tracking measures in participants with major 
depression.  
Investigations of neural mechanisms of the other race effect have largely been examined using 
event related brain potential (ERP) studies and in healthy individuals. In particular, the early 
N170 component is purported to be involved in the processing of global facial features and less 
likely to be modulated by individual facial parts [9, 10]. Findings have been inconsistent though 
with the N170 component showing little sensitivity to the race of the facial stimuli [4, 5, 18, 34] 
as well as higher N170 responses to one’s in-group [29] or to other race group [19, 21]. 
Modulation of N170 responses [26] by attentional demand could have contributed to the 
variation in responses, and impact of the other race effect may emerge in later epochs as the 
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N200 and N400 components have revealed differences in processing own versus other-race 
faces (see [32] for a review). 
Functional MRI studies have revealed recruitment within the network involved in face 
processing including in the amygdala [8, 17, 27], which is engaged by salient emotional and 
social stimuli, and the fusiform cortex, a region highly specialized for face processing which 
shows greater activation during recognition [16, 24] and categorization [12] of faces from own- 
relative to another race. Intentional encoding of same- and other-race faces could be further 
modulated by frontoparietal networks subserving attention and cognitive control [3]. Factors 
which moderate the other race effect include external factors, such as familiarity of the face, as 
the effect on amygdala [8, 27] and fusiform [24] activations is no longer evident when the face is 
that of a well-known (famous) individual [24, 27], and the duration of the stimuli presentation, as 
the effect is not observed with extended presentations [8], suggesting that the novelty or the 
unfamiliarity of the faces contribute to the bias-related responses. Moreover, it is possible that 
the effect could be modulated by the degree of implicit racial bias for a particular individual. 
In the present study, we had sought to focus on amygdala activation and we used sad facial 
expressions as the stimuli because of their particular salience in major depression [30]. Whether 
the other race effect would be observed with other emotional face expressions requires further 
investigation. As the facial stimuli were all Caucasian, we were not able to confirm whether the 
other race effect would be found for Caucasian participants with depression viewing non-
Caucasian faces. 
Conclusion 
In conclusion, increased amygdala activation was associated with the other race effect in both 
healthy participants and in individuals with major depression. The amygdala has a key role in 
emotion processing, social cognition and in the regulation of social behavior [1]. The potential 
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interaction of these effects and the implications for the impairments in social interactions that 
are already evident in depression require further investigation. 
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Figure Legend 
Figure 1. Main effect of race on amygdala activations.   
Non-Caucasian participants showed greater right (t51= 2.87, p=0.006) and left (t51= 2.17, 
p=0.035) amygdala activations relative to Caucasian participants in response to Caucasian 
facial stimuli. 
 
Figure 1. Main effect of race on amygdala activations 
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Table 1. Demographic and Clinical Characteristics 
 
 
Major 
Depression 
Healthy 
Participants 
P value 
Number of participants 30  23  
Male: Female  17:13 12:11 0.75 
Age 39.37 (11.47) 38.83 (10.13) 0.85 
HAMD 22.23 (2.66) 0.26 (0.86) <0.001 
      
Ethnicity      
Asian 9 (30.00%) 3 (13.04%)   
Black/African American 4 (13.33%) 6 (26.08%) 
  
Caucasian 17 (56.67%) 14 (60.86%) 
 
Mean values and standard deviations are presented in parentheses for Age and HAMD.  
Ethnicity is presented as the number of participants and percentage in parentheses. 
Abbreviations: MDD: Major Depressive Disorder; HAMD: 17-item Hamilton Rating for 
Depression score.   
 
